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ABSTRACT: This paper describes the rehabilitation of (Shakey) Bridge, an existing single-span suspension bridge crossing the
northern channel of the River Lee in Cork City. The bridge was opened in 1927 to replace an earlier ferry crossing at the same
location. Daly’s bridge is included on the Record of Protected Structures and the National Inventory of Architectural Heritage. It
remains the only suspension bridge in Cork City and is the only surviving bridge of its kind in Ireland. It is considered to be a
significant contributor to the architectural heritage of the city. This case study describes the project development including special
inspection and structural assessment, site investigations and material testing, detailed design of repair works, and particular aspects
of construction and monitoring. The bridge is a well-known local landmark and its colloquial name ‘Shakey bridge’ derives from
the lively movement of the deck under pedestrian loading. A key aspect of the project included modelling and measurement of
the dynamic response of the structure prior to and following repair works to confirm the signature shake was retained. The project
also incorporates approach upgrades and ancillary works including new approach parapets, repair of existing cast-iron railings,
lighting, landscaping, surfacing and invasive species removal.
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INTRODUCTION
Background and History

Daly’s bridge (Figure 1&2) provides a pedestrian route over the
northern channel of the River Lee between Sunday’s Well and
Fitzgerald Park in the Mardyke area of Cork City. The
suspension bridge is a well-known local landmark and its
colloquial name ‘Shakey bridge’ derives from the lively
movement of the deck under pedestrian loading. It remains the
only suspension bridge in Cork City and is the only surviving
bridge of its kind in Ireland.

with steelwork provided by David Rowell & Co of
Westminster. Rowell’s steel suspension bridges comprised a
kit-of-parts, with up to thirty built across the British Empire at
locations including Burma, Falkland Islands, India, New
Zealand and Chile.
Daly’s bridge is included on the Record of Protected
Structures and is recorded on the National Inventory of
Architectural Heritage (NIAH), where it has artistic, historical,
social and technical categories of special interest. The cast-iron
southern railings, quay walls and ferry steps are also recorded
on the NIAH. The bridge is considered to be a significant
contributor to the architectural heritage of the city.

Figure 1. Daly’s bridge in 2018.
The bridge opened in 1927 to replace an earlier ferry crossing
at the same location (Dooley’s ferry). The bridge was partfunded by local butter merchant and margarine manufacturer
James Daly, whose company exported Irish butter all over the
world. It was designed by Cork City Engineer S.W. Farrington,
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Figure 2. Daly’s bridge, circa 1930s (Cork City Library).
Description of Structure
The bridge consists of a single 50.9m cable-supported span
with parallel steel latticed trusses supporting timber decking.
The superstructure is suspended from solid steel hangers
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connected to twin wire-rope cables, in turn suspended from
saddles on each of the steel latticed towers. The steel wire-rope
suspension cables are anchored in buried foundations behind
each tower. A reveal sketch showing the configuration of the
structure is given in Figure 3.

3D Terrestrial Laser Scanning
Due to difficulty accessing all parts of the structure, the
intricate nature of the latticework and the need to acquire
detailed and accurate survey information to inform a structural
assessment, a full three-dimensional terrestrial laser scan was
undertaken. The 3D scan (Figure 5) was capable of picking up
geometric imperfections in members (crookedness, member
bow etc.). On-site measurements undertaken during the
inspection confirmed the accuracy of the scan. A 3D Revit
model was also generated as an output of the scan (Figure 6).
The use of 3D terrestrial laser scanning for the generation of an
as ‘as-is’ Bridge Information Model (BrIM) has distinct added
value for heritage bridges like Daly’s bridge, as reported by the
authors previously for the nearby Chetwynd Viaduct2.

Figure 3. Reveal sketch.
2

INSPECTION, TESTING & STRUCTURAL ASSESSMENT
Inspection

RPS were appointed by Cork City Council in 2017 to undertake
an inspection and structural assessment on Daly’s bridge. The
inspection was undertaken in line with the requirements of TII
Eirspan Bridge Management System Manual1. The inspection
highlighted numerous serious defects summarised as follows:
• Advanced corrosion and damage throughout the latticed
trusses, particularly at node points (Figure 4 (a)-(b));
• Inadequate hanger to transverse deck beam connections
(Figure 4 (c));
• Wire breakages to suspension cables caused by fraying/
fatigue damage (Figure 4 (d)).

Figure 5. Sample of 3D scan output.

Figure 6. Sample of Revit model output.
Site Investigation & Material Testing

Figure 4. Typical corrosion and damage to latticed trusses (ab), damaged hanger to transverse beam connection (c) and
wire breakages to suspension cables (d).

The following site investigation works and material testing was
undertaken to further inform the inspection and structural
assessment:
• Localised excavations and Ground Penetrating Radar
(GPR) survey to define the extents of the buried cable
anchorage foundations;
• Slit trenching;
• Cover meter survey to BS 1881-204;
• Reinforcement scanning;
• Pull-off tests to BS 1881-207;
• Concrete core removal for concrete strength test to BS EN
13791;
• Material identification, hardness and chemical composition
testing (steelwork);
• Tensile testing of structural steel platework (Figure 7);
• Weldability testing;
• Paint sampling and testing for lead content;
• Facilitating access for tower saddle inspection (Figure 8).
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The steelwork at Daly’s bridge demonstrated good quality,
strength and ductility. Yield strengths in excess of 300 N/mm 2
were observed across all four tensile test specimens. Indeed,
material properties were consistent with that of modern S275
steels.

Figure 9. View of structural analysis model.

Figure 7. Sample steelwork tensile test result.

Given the level of advanced corrosion observed during
inspection, the assessment calculations were performed with
due allowance for further progression of corrosion at interim
points of its remaining service life. This was undertaken by
assigning reduced cross-sectional areas and stiffnesses to the
various elements in the analysis model and the member
resistance calculations. On this basis, it was determined that
several components of the bridge had insufficient capacity at
Ultimate Limit State to sustain the full 5 kN/m2 live load
beyond 3-4 years from the date of inspection.
Summary
The overall structure was assigned a condition rating of 3 i.e.
significant damage with repair needed very soon (within next
financial year). Given the inspection findings, and results of the
structural assessment, urgent intervention was required to
prevent a considerable load restriction or eventual bridge
closure. In the interim period until repair works were
undertaken, large crowds (due to events, marathons etc) were
precluded on the bridge.
3

Figure 8. Removal of tower finial for saddle inspection.
Structural Assessment
A structural assessment was undertaken to the requirements of
BD21 and BD56. Other specialist literature was also referred to
during the assessment including CIRIA C664 3, SCI P1384 and
BCSA5. Material properties adopted for the assessment are
given in Table 1.
Structural analysis was performed through a 3D analysis
model using LUSAS finite element software (Figure 9), with
approximate methods and standard catenary formulae for
suspension bridges used for verification of model outputs. The
laser scan model geometry was imported directly to the
structural analysis program which realised significant
efficiency and accuracy in analysis model geometry definition.
Table 1. Steelwork material properties adopted for
assessment.
Material property
Unit weight
Modulus of elasticity
Coefficient of thermal expansion
Characteristic yield stress
Material partial resistance factor
*

Value
7850 kg/m3
205000 N/mm2
12 x 10-6 C-1
230 N/mm2
1.05*

Generally 1.05, except as otherwise required in BD56 for the particular
component
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REHABILITATION WORKS

RPS were appointed in 2018 as lead consultant for the design,
tender process, contract administration and site supervision of
repair works to Daly’s bridge. The aims for the project are as
follows:
1. To repair and address structural defects and damage present
at the bridge.
2. To maximise the remaining service life of the bridge.
3. To improve access for future inspections and maintenance.
4. To upgrade approaches to create a more open, attractive and
inviting experience for users.
5. To apply the principles of conservation to preserve the
architectural heritage of the bridge.
Approach to Conservation
The following outlines the specific approach to conservation
for the repair works at bridge:
• Research the full history and significance of the bridge.
• Collation of archive information on David Rowell & Co
suspension bridges to inform on the original bridge
construction and work methods. The information acquired
from the Institution of Civil Engineers archives included
brochures, specifications, drawings and material price lists.
• Appointment of a Grade 1 accredited Conservation
Architect to the Project Team.
• Knowledge sharing established with Aberdeenshire
Council and study visit to Pollhollic footbridge in advance
of detailed design (Figure 10).
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• Undertake the minimum level of intervention, retaining as
much of the original material as possible.
• Where repair or replacement of damaged elements is
required, like-for-like replacement was undertaken in terms
of replacement material, detailing and work methods.
• Restore original details and features at the bridge and
approaches, particularly where alterations to the character
of these elements have been made since 1927.

Where the specific repair required the removal of an existing
rivet, the repair detail incorporated dome headed bolts with a
surface profile matching the profile of the existing rivets
(Figure 12).
3D modelling techniques were used effectively throughout
the design phase, including:
• The intricate reinforcement and cable anchorage connection
to the existing buried foundations (Figure 13);
• Specifying the dismantling and re-erection sequences for
the deck graphically (4D sequencing in BIM terms);
• Geometry definition for the replacement cables and final
deck profile.
This approach realises efficiencies during the design phase,
improved communication of design intent, and avoided clashes
and related issues from arising on-site.

Figure 10. Pollhollick footbridge during study visit.
Design & Contract Documents
A significant element of the Works was the extensive local
steelwork repairs required to the latticed trusses, particularly at
node points where corrosion had commenced at the platework
mating faces following failure of the paintwork system. To
prepare the Works Requirements drawings, RPS conducted an
extensive defect inspection of every element of the bridge and
scheduled repairs in graphical and tabular form on the drawings
with bespoke specifications linking to the corresponding repair
detail and bill of quantity items. This was necessary to ensure
the Works were described as completely as possible prior to
tender in keeping with the requirements of the Public Works
Contracts which are generally lump-sum in nature.
The form of contract was the Public Works Contract for
Minor Building and Civil Engineering Works Designed by the
Employer and the parent specification and Method of
Measurement were from the TII Manual of Contract
Documents for Road Works.
The widespread and varied nature of the steelwork defects,
and the desire to undertake the minimum of intervention, led to
a wide array of bespoke platework repair details. Sample
repairs are given in Figure 11.

Figure 12. Replacement dome headed bolt installed during a
typical top chord node repair.

Figure 13. Use of 3D modelling for reinforcement and cable
anchorage connection to the existing buried foundations.
Description of Works

Figure 11. Sample repair details for top chord node (top) and
lattice web node (bottom).

The Works at Daly’s bridge included, inter alia, the following:
• Phased dismantling of the latticed deck for off-site blasting,
steelwork repairs, re-painting and phased re-erection on-site
(Figure 15);
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• Full encapsulation of the towers for blasting, repair and
repainting in-situ (Figure 14);
• Removal and disposal of invasive species subject to the
requirements of an approved license granted under the Birds
and Natural Habitats Regulations 2011.
• Reinforced concrete works to cable anchorage foundations;
• Replacement of suspension cables;
• Removal and replacement of timber decking;
• Replacement of southern approach ramp, incorporating
renewed and exposed archways to facilitate access through
the ramp;
• New approach parapets;
• Take-up and re-lay existing distorted flag stones to southern
bank;
• Removal, repair and repainting of cast-iron southern
railings;
• Upgrade to approaches including surfacing and
landscaping;
• Installation of new public lighting to approaches, ramp opes
and bridge structure.
• Other ancillary works associated with bridge repairs.

4

DYNAMICS

Daly’s bridge is well known for its signature shake. It is
common for pedestrians to intentionally excite and induce a
dynamic response from the structure when crossing. Indeed,
during the consultation phase of the project (through Part 8
Planning), the public expressed a strong desire for the shake to
be retained as part of any rehabilitation works.
Vibration measurements and calculation of natural frequency
have been undertaken at Daly’s bridge in 2014 by O’Donnell
et al6 using proprietary accelerometers and visual image
methods.
The vibration response of Daly’s bridge was measured by
RPS pre and post repair works using a vibration application
which utilises a smartphone’s internal accelerometer. A sample
time-history response and frequency plot are given in Figure 16
and Figure 17 respectively.

Figure 16. Sample time-history acceleration response at
Daly’s bridge (pre-works).
Figure 14. Blasting of latticed tower section to SA2.5 within
full encapsulation.

Figure 15. Phased re-erection of repaired deck sections from
floating pontoons on site.
Following a public procurement process, the Contract was
awarded to Keating Construction who commenced the Works
in August 2019. In terms of the phased re-erection of the deck
segments on site, Keating adopted remarkably similar works
proposals to those described in Rowell’s original erection
specifications, particularly regarding splicing/bolting of the
latticed web on site, and in methodologies to achieve the
required cable sag and final deck profile.
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Figure 17. Sample frequency plot (1st vertical mode) at Daly’s
bridge (pre and post-works).
The structural analysis model was used to undertake a
dynamic analysis of Daly’s bridge for the pre-works and postworks conditions. Pre-works models incorporated allowances
for corrosion as outlined in Section 2.4. Post-works models
incorporated the fully repaired cross-sectional properties.
Figure 18 gives the first three post-works primary mode shapes.
The dynamic response obtained from physical measurements
and finite element model for the first primary vertical mode for
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the deck compared well to previous reported pre-works
measurements using other approaches as given in Table 2.

Figure 19. Intercepts on adapted graph of sensitivity of
pedestrians to vibration at bridge pre- and post-works 7.
5

Figure 18. First three primary deck mode shapes from analysis
model (post-works).
Table 2. Comparison of natural frequency at Daly’s bridge to
other reported methods/measurements.
Method
Pre-Works
Smartphone application (Fig 17)
Finite element analysis
Proprietary accelerometers5
Visual image method5
Post-Works
Smartphone application (Fig 17)
Finite element analysis (Fig 18)

First vertical mode
natural frequency (Hz)
2.214
2.198
2.265
2.110
2.343
2.315

In order to gain an appreciation of how perceptible the
vibration response of the bridge is to pedestrians, and whether
or not it is perceived to be uncomfortable, it is possible to plot
the measured natural frequency and acceleration on a graph
provided by the US Department of Defence 7 relating to noise
and vibration control (Figure 19). Pre-works measurements
indicate a ‘strongly perceptible’ response and post-works
measurements indicate a ‘distinctly perceptible’ response. A
marginally increased post-works natural frequency as given in
Table 2, and reduced post-works vibration acceleration as given
in Figure 19 are to be expected given that the nature of the
repair works involve increasing member stiffnesses through
damage repair and cable replacement. Accordingly, the postworks response is reasonably close to the pre-works response.

CONCLUSIONS

The delivery of a complex and unique bridge rehabilitation
scheme in a short frame of time was made possible by a strong
commitment to conservation principles, the use of modern
digital modelling techniques and through a collaborative
relationship between the Project Team and Contractor. The
project has been warmly received by the people of Cork, who
have long held an emotive connection to the bridge. Dynamic
measurements and modelling were undertaken before and
following the repair works to confirm that the signature shake
was retained, which was borne from strong public feedback
during the consultation phase. The project is near completion
of the construction phase at the time of writing this paper. The
successful delivery of the project will ensure the continued safe
use of the bridge, maximise its remaining service life, and
protect a significant contributor of the built heritage of the city
for future generations to enjoy.
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